GENES
ALLELES

GENE INTERACTIONS

Department of Biology,
Medical University - Sofia



Gregor Mendel

http://www.britannica.com/

Gregor Johann Mendel was born
Johann Mendel in Heinzendorf bei
?sdzrgu (now Hyncice, Czech Republic),

Education - University of Olmoutz,

(particularly in the subjects of

Bhysics and math) and University of
ienna.

Mendel joined the Augustinian
Monastery in Brno, and was given the
hame Gregor.

At that time, the monastery was a
cultural center for the region, and
Mendel was immediately exposed to
the research and teaching of its
members, and also gaine access to
the monastery's extensive library and
experimental facilities.

In 1853, upon completing his studies
at the University of Vienna, Mendel
returned to the monastery in Brno
and was given a teaching E‘osi‘rion at a
secondary school, where he would
stay for more than a decade. It was
during this tfime that he began the
experiments for which he is best
known.



MENDELIAN GENETICS

Genetics started with Gregor Mendel's experiments with pea
plants in the 1860s. He discovered for first time the discrete
nature of inheritance.

In classical genetics, gene is the unit of heredity determining a
trait. The alternative forms of a gene are called alleles (e.g. for
purple and white petals). The genes of an organism make its
genotype, while the traits make its phenotype.

A diploid eukaryote has every autosomal gene in 2 copies. When
they are identical, the organism is homozygous for this gene.
When they are different, the organism is heterozygous.

Often, the heterozygote has the same phenotype as one of the
homozygotes. The allele which is phenotypically expressed in this
heterozygote is called dominant, and the “hidden” one is
recessive. In Mendel's experiments, purple was the dominant
trait and white was recessive.



Two phenotypes

The dominant trait The recessive trait
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&) Removed stamens
from purple flower

@) Transferred sperm-
bearing pollen from
stamens of white
flower to egg-
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purple flower
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> Crossing pea
plants

> That is how
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prevented
self-
fertilization.
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Mendel's law of segregation
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» Cross of a purple-

flowered and a white-
flowered strain of
peas.

R stands for the gene
for purple flowers

r for the gene for
white flowers.

The law: in F1 all
individuals have the
dominant phenotype;
in F2 the phenotypes
are segregated In a
relation 3:1
(dominant:recessive).
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Each true-breeding plant of the
parental generation has identical
alleles, PP or pp.

Gametes (circles) each contain only
one allele for the flower-color gene.

In this case, every gamete produced
by one parent has the same allele.

Union of the parental gametes
produces F, hybrids having a Pp
combination. Because the purple-
flower allele is dominant, all

these hybrids have purple flowers.

When the hybrid plants produce
gametes, the two alleles segregate,
half the gametes receiving the P
allele and the other half the p allele.

This box, a Punnett square, shows
all possible combinations of alleles
in offspring that result from an

F; x Fy (Pp x Pp)cross. Each square

represents an equally probable product
of fertilization. For example, the bottom
left box shows the genetic combination

resulting from a p ) egg fertilized by
a P sperm. b

Random combination of the gametes

results in the 3:1 ratio that Mendel
observed in the F, generation.
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Types of crosses

» The dominant allele - by capital letter (e.g. A), the
recessive allele - by the same small letter (e.g. a).
Parents - by P, first generation - by F1, 2nd
generation - F2 etc., cross - by x.

» When we trace the inheritance of 1 pair of alleles,
the cross is called monohybrid. Two pairs - dihybrid,
3 pairs - trihybrid.

> Crossing reveals not only the type of inheritance of
traits but also the genotype of particular individuals.
If we want to know the genotype of an individual
having the dominant trait (homo- or heterozygous),
we cross it with an individual having the recessive
trait (recessive homozygote). This is called test
Ccross.



100%
heterozygous
organisms

The test cross

) _W\\
-l f 2
Dominant phenotype, Recessive phenotype,
unknown genotype: known genotype:
PP nl’\pp
If PP, If Pp,

then all offspring purple: then 'z offspring purple
and ' offspring white:

1:1
heterozygous
and
homozygous
organisms
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Other examples in Mendel's study

d B W | © @
Yellow vs. green seed colour Round vs. wrinkled seed surface
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yellow, round  green, wrinkled yellow, wrinkled  green, round

O x @ & x

F1 All yellow, round




Phenotypes in F2 hybrids
©

Pure breeding
round, yellow

seeds
® —

RRYY Round, yellow

seeds Self-
: pollination
v —
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Incomplete dominance

Some alleles show incomplete dominance.
Heterozygotes have a phenotype intermediate to that of
the two homozygotes. In F2, we have all 3 phenotypes
1.2:1.
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Genotype

Can Receive
Blood From:

Codominance

In codominant inheritance, the

heterozygote expresses the traits of

both alleles. E.g. the heterozygote for

the A and B alleles from the ABO blood

A,
i AN
A aa | o AorQO
fo BB
B o 50 B or O
ALB A, B,
AB (| AB AB, O
O ii 00 @)

Group A

Group B

Group AB
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Red bloo
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present R E 3 > R &
Anti-B Anti-A None Anti-A and Anti-B
Antigens *?
present | A antigen | B antigen Aand B No antigens

antigens

group system has phenotype AB.

Multiple alleles

The ABO blood group
system is also an example of
multiple allelism, i.e. more
than 2 alleles in the same
gene locus. Besides the A
and B alleles, it has an O

allele which is recessive to
both A and B.

en.wikipedia.org
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Thomas Hunt Morgan,
(1866 - 1945) is an
American zoologist and
geneticist.

He is famous for his
experimental research
with the fruit fly
(Drosophila) by which he
established the
chromosome theory of
heredity.

He showed that genes are
linked in a series on

chromosomes

Morgan's work played a
key role in es‘rablishing|
the field of genetics. He
received the Nobel Prize
for Phgsiology or Medicine
in 1933.
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Linked genes
Linked genes are

inherited together with
the other gene(s).

When a pair or set of
genes are on the same
chromosome, they are
usually inherited
together or as a single
unit.

For example, in fruit
flies the genes for eye
color and the genes for
wing length are on the
same chromosome, thus
are inherited together.

Don't confuse them with
sex-linked gene, which

refers to a gene located
on one of the sex
chromosomes).



Crossing over breaks off the gene linkage, because it changes the place of one
allele from one to the other homologous chromosome.

As a result - allele combinations in the gametes are different from those in
somatic cells.

The frequency of recombination between two genes depends on the distance
between them. This is because crossing over on one place interferes occurring
of other crossing over in the close vicinity. Genes which are closer in the
lc_hrk'omosomcas are often inherited together. Crossing over can not break their
inkage.

By the frequen% of recombination between the genes of the fruit fly, Morgan
makes maps of the Drosophila’ s chromosomes.

Four products of meiosis
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Gene linkage disturbs
independent assortment of the
genes (one of the requirements
for Mendelian inheritance).

Closely located genes in the
chromosome is more likely to
pass together to the of fspring.

If genes are far apart (or on
different chromosomes), they
are unlinked and assort
independently.

Linkage is measured by the
recombination frequencies.

According to some origins, only
genes less than 50 map units
apart are considered linked.

é\}S map units

C

= linked

> 52 map units

EJ

= independent



Sex determination

Chromosomal sex determination

XX/XY sex-determination system

(in most of mammals and some insects like
Drosophila): females have two of the same kind

of sex chromosome (XX), while males have two distinct
sex chromosomes (XY).

X and Y chromosomes are different in shape and size
from each other, unlike the autosomes.

Mammal Y chromosome has a gene SRY that determines
maleness.
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Sex-linked inheritance

Sex-linked gene is a gene located on one of
the sex chromosomes.

For the gene in the X chromosome males are
hemizygous. They inherit X chromosome only
from their mother. Females inherit X
chromosome from both of parents. Because
of that, females can be homozygous or
heterozygous for the X-linked traits.

Form their father boys inherit Y
chromosome. That's why if we talk about Y-
linked inheritance, it is only between a father
and a son.

Morgan observed that inheritance of eye
color in Drosophila depends on the sex of the
individuals.

The gene is X-linked, red eyes are the
dominant “wild type" trait, white eyes are
recessive mutant trait.

Here, just males have white eyes.
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Hemizygosity
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> Hemizygosity means a diploid cell to possesses only one allele of a gene
instead of two.

» It could be a normal state like the sex-linked genes, but is possible to be
abnormality too - if one autosomal allele is missing.

» For the X-linked genes male individuals (XY) are hemizygous.



SEX AND INHERITANCE Sex-linked traits

medacad.wikispaces.com

Inheritance of Hemophilia . Inheritance of Hemophilia -
Father With Hemophilia and Mother Who Is Not a Carrier Carrier” Mother and Father Without Hemophilia
Parents O Parents
Father Mother
Father Mother {without (carrier for
{with hemophilia) (not a carrier) hemophilia) hemophilia gene)
EA it x X
Son Daughter Son Daughter
Son DﬂUghtEr Son Da ughter (without (carrier for {has {does not carry
Without hemophilia) — {carrier)  (Without hemaophilia) (carrier) hemophilia)  hemophilia gene)  hemophilia) hemophilia gene)

XY XX XY *X XY KX XY XX

Children Children

Haemophilia in human

Another X-linked recessive condition is red-green colorblindness
(DalTonism) in human www.bio.utexas.edu

www.bio.utexas.edu



Pedigree diagrams are used to trace inheritance in families

O

Queep Albert .:Normal female ':Normal male
Victoria
= Carrier female = Hemophilic male
Edward Victoria Alice Alfred Arthur Leopold Helena Beatrice | Henry

Vil

O 0N -

George V Henry of | Irene Frederick Alexandra Alice Victoria | Alfonso Leopold Maurice
Prussia William Eugenie
- (died at 3) T, ]
George VI Waldemar Henry Czarevitch Viscount Mary (Died in Alfonso Gonzalo
of Prussia (died at 4) Alexis Trematon mfancy " -
(lived to 56) (murdered) (died at 20) (Bled to death
after accidents)

No hemophilia
in present British
royal family

biodigitalportfolio.wordpress.com



